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Notch signaling is regulated by ubiquitination of the
receptor and its extracellular ligands. New studies
reveal distinct ubiquitination-dependent endosomal
sorting pathways in which ligand-bound Notch is
activated while unliganded Notch is recycled or
degraded, facilitating signaling while preventing inap-
propriate activation of unstimulated receptors.
Notch signaling is an evolutionarily conserved
mechanism that transmits signals between cells that
are in direct contact with one another. In complex
eukaryotes, this pathway is vital for a seemingly
endless variety of developmental cell-fate choices
and adult nervous system plasticity [1]. In its sim-
plest form, signaling is triggered when the Notch
receptor at the cell surface binds to ligands of the
Delta/Serrate/Lag-2 (DSL) family, which are presented
extracellularly by neighboring cells. Ligand binding
leads to proteolysis of Notch, release of an intracellu-
lar signaling fragment, and transcriptional regulation
of downstream nuclear genes [1,2]. This core chain of
events, however, is fine-tuned by a host of post-trans-
lational mechanisms affecting Notch and its ligands.
An unusual type of glycosylation modifies the extra-
cellular domain of Notch, altering its affinity for its
ligands [3]. Similarly, proteolysis of Notch is necessary
for Notch maturation in the secretory apparatus, as
well as for its subsequent activation [2].
In two new studies [4,5] reported in this issue of
Current Biology, work in Drosophila has revealed how
two related E3 ubiquitin ligases direct the endosomal
sorting of unstimulated Notch into a subcellular com-
partment destined for recycling and/or degradation.
E3 ubiquitin ligases catalyse the covalent addition of
ubiquitin peptides to target proteins [6]. Unlike the
internalization of activated receptors that occurs
during desensitization and signal quenching [7], this
Notch internalization appears to modulate pathway
activity by controlling steady-state levels of Notch at
the surface and preventing its inappropriate activation
in the absence of ligand binding. Remarkably, this
Notch downregulation occurs against a backdrop of
other ubiquitination events that are required for
optimal potency of Notch ligands as well as prote-
olytic activation of Notch itself, hinting at a previously
unappreciated interplay of competing ubiquitination
modifications in this pathway.
Both of the new studies [4,5] originate with fly
mutants exhibiting subtle Notch-related phenotypes.
Sakata et al. [4] isolated a fly strain with a phenotype
resembling those of weak loss-of-function Notch
mutants, which turns out to be caused by overexpres-
sion of Nedd4, a HECT domain-containing E3 ubiqui-
tin ligase. Meanwhile, Wilkin et al. [5] characterized the
Suppressor of deltex (Su(dx)) gene product, which
they previously identified as another Drosophila
Nedd4 family member, one of three related fly Nedd4
proteins. As with Nedd4, Su(dx) overexpression
causes mild Notch signaling defects and genetically
antagonizes Notch and Deltex, a positive regulator of
Notch that is also an E3 ubiquitin ligase, albeit of a
different subclass than Nedd4 [4,5]. The mouse Su(dx)
homolog, Itch, directly ubiquitinates the Notch intra-
cellular domain [8], and Sakata et al. [4] likewise found
that fly Nedd4 ubiquitinates Notch proteins that have
an intact intracellular PPSY motif.
Mammalian Nedd4 and its yeast counterpart Rsp5
have been implicated in the trafficking, endocytosis
and degradation of various target proteins [9], raising
the question of exactly how they influence Notch
signaling. The new studies [4,5] demonstrate that
endosomal sorting of Notch is sensitive to Nedd4 and
Su(dx) activity. Overexpression of either protein
causes reduced steady-state accumulation of unacti-
vated Notch, depletion of Notch from the cell surface,
and a striking redistribution of some Notch immunore-
activity into an endosomal pool. Conversely, loss of
Nedd4 or Su(dx) function leads to increased Notch
accumulation at the cell surface, accompanied by
sporadic activation of Notch in the absence of ligand.
Surprisingly, double mutants of Nedd4 and Su(dx) fail
to display obvious Notch phenotypes, indicating either
that they play a rather subtle role in the physiological
regulation of signaling or that the third fly Nedd4
homolog can functionally compensate for their loss.
In contrast to these antagonistic effects on Notch,
monoubiquitination of Notch on a conserved
intracellular lysine near the transmembrane domain is
apparently required for endocytosis and γ-secretase-
mediated cleavage of activated receptor [10].
Although the relevant ubiquitin ligase has not been
identified, it is tempting to speculate that Deltex,
which genetically behaves as a positive regulator of
Notch, might be responsible. A recent study by Hori
et al. [11] shows that Deltex overexpression promotes
a dramatic relocalization of Notch into late endosomes
and that interfering with this process blocks some
aspects of Notch signaling. 
The two new studies [4,5] in Current Biology further
explore these effects, showing that Deltex genetically
counteracts Nedd4/Su(dx) activity and that Nedd4 neg-
atively regulates overall levels of Deltex as well as the
sorting of Notch into Deltex-positive vesicles [4,5]. One
complication to this scenario is that deltex mutants do
not display the severe Notch-like phenotypes expected
for loss of an obligatory signal-activating component,
as implied by the Notch monoubiquitination results
[10]. Moreover, Deltex seems to be required for an
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unusual form of Notch signaling that does not involve
the DSL ligands or standard downstream effectors
[11]. Further work is therefore needed to test other
candidate E3 ubiquitin ligases, and clarify the relation-
ships among the ubiquitin-dependent sorting path-
ways that alternatively activate, degrade or recycle
Notch coming from the cell surface.
To make matters even more complicated, the DSL
ligands for Notch are also modified by ubiquitination,
with important consequences for signaling. Several
earlier studies in flies, frogs and zebrafish showed that
Neuralized, a conserved RING domain E3 ubiquitin
ligase, ubiquitinates Delta, promoting its endocytosis
and potentiating its ability to activate Notch [12]. How
endocytosis of Delta in the signaling cell might
influence Notch signaling in a neighboring cell is still
somewhat mysterious, but is presumably related to the
trans-endocytosis of Delta that occurs during Notch
receptor disassociation and proteolytic activation [13].
New studies [14–16] in flies have now revealed that
Delta endocytosis and signaling are mediated by
Epsin, a conserved adaptor protein known to be
involved in clathrin-dependent endocytosis. 
Epsins are multidomain adaptor proteins that bind
phosphoinositol, ubiquitin, clathrin and other accessory
proteins, and they might serve to link monoubiquiti-
nated cell-surface proteins to the endocytic complex
[17]. Overstreet and colleagues [14,15] found that, in
liquid facets (lqf) mutant cells which lack Epsin func-
tion, Delta localizes predominantly to the cell surface,
as compared to wild-type cells in which it is more
vesicular. Lqf levels in flies are controlled by a balance
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Figure 1. Ubiquitination and endocytosis regulate the activities of both the Notch receptor and its ligands during signaling.
Several E3 ubiquitin ligases have now been identified that modify either ligands of the DSL family (left) or the Notch receptor itself
(right) in the Notch pathway. The Neuralized E3 ubiquitin ligase targets the intracellular domain of DSL ligands for putative monoubiq-
uitination, which is required for ligand endocytosis in the signal-sending cell and efficient signaling (bottom left). This process depends
upon function of the Liquid facets (Lqf) Epsin, an adaptor protein of the endocytic machinery. Levels of Lqf are influenced by ubiqui-
tin-mediated degradation (top left), which is opposed by the activity of the Fat facets (Faf) deubiquitinating enzyme in some cells
(bottom left). In the signal-receiving cell, sporadic activation of unliganded Notch is prevented by removal of intact Notch from the
cell-surface into endosomes, which requires ubiquitination of Notch by Nedd4/Su(dx) family E3 ubiquitin ligases (top right). Con-
versely, activation of Notch and its subsequent proteolysis by the γ-secretase complex requires monoubiquitination of Notch by an
as yet unidentified E3 ubiquitin ligase and endocytosis of ligand-stimulated Notch (bottom right). Notch endocytosis in the signal-
receiving cell might also be mediated by as yet unidentified Epsins. During Notch activation, extracellular portions of both Notch and
Delta are trans-endocytosed into the opposing cells (cf. bottom left), an event that contributes to receptor disassociation and acti-
vation. For simplicity, some aspects of this process are not depicted. These diagrams are meant to illustrate known or speculative
regulatory relationships, and do not necessarily portray the exact details of the underlying biochemical or cell biological events.
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between ubiquitination, which targets it for degradation,
and deubiquitination by the Fat facets (Faf) protein, and
cells lacking Faf activity also display an altered mem-
brane localization of Delta. 
In contrast to these studies, Wang and Struhl [16]
report that lqf mutant cells are not defective in bulk
endocytosis of Delta, but that a rare subpool of Delta
exists that requires Epsin for both endocytosis and
signaling. This pool was selectively visualized at the
cell surface in lqf mutants when Delta and Neuralized
are overexpressed together, confirming the impor-
tance of Epsin for its internalization. Replacement of
the Delta intracellular domain with the LDL receptor
internalization signal bypasses the requirement for
Epsin [16], and direct fusion of a ubiquitin peptide to
nonfunctional forms of Delta restores ligand activity in
both flies and zebrafish [16,18]. 
Both new Epsin studies [15,16] thus reinforce the
idea that direct ubiquitination of Delta by Neuralized
allows the ligand to enter an Epsin-dependent
endocytic pathway which is required for its activation.
Although the molecular consequence of this modifica-
tion are not fully understood, an intriguing finding sug-
gests that Epsin-mediated internalization might trigger
proteolytic processing of the ligand into a more active
species within the signaling cell [16].
While much remains to be learned about how
ubiquitination affects the activation of Notch by DSL
ligands, and also clearance of unstimulated Notch,
many other biochemical activities are presumably
involved in these events. Indeed, Notch signaling has
long been known to require dynamin for Delta
endocytosis [19], and an informative study by Weber
et al. [20] illustrates the point that membrane
phospholipid composition itself plays an important
role in differential endosomal sorting of Notch and
EGF receptor. As additional cell biological details of
these events are revealed, it is becoming increasingly
apparent that numerous post-translational mecha-
nisms contribute to the modulation of signaling, not
only for the Notch pathway, but also for many other
critical developmental signaling pathways.
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